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1. Introduction 

The problem of understanding the origin of the Galactic Cosmic Rays 
(GCRs) is an old and recalcitrant one. It is actually several distinct 
problems. First, there is the question of the origin of the energy. What 
powers the accelerator and how does it work? Second, there is the 
question of the origin of the particles which are accelerated. Out of 
what component of the Galaxy does the accelerator select particles to 
turn into cosmic rays? Third, there is the question of how much of the 
observed cosmic ray spectrum is in fact of Galactic origin. Over what 
energy range does the accelerator work and what spectral form does 
its output have? Finally, there is the question of how many different 
types of accelerator are required. Can one basic process explain all the 
data, or do we need to invoke multiple sources and mechanisms? Of 
course a satisfactory physical model for the origin of the GCRs should 
simultaneously answer all these questions, however, in the context of 
looking for observational tests, it is sensible to adopt a "divide and 
conquer" strategy and regard them as separate questions. 

The only theory of particle acceleration which at present is suffi- 
ciently well developed and specific to allow quantitative model calcu- 
lations, and which appears capable of meeting many of the observa- 
tional constraints on any cosmic ray acceleration theory, is diffusive 
acceleration applied to the strong shocks associated with supernova 
remnants. Thus this report concentrates, faute de mieux, on tests of 
this hypothesis, described in more detail in the next section. 



2. SNR shocks as sources of the GCR energy 

The fact that the power required to maintain the GCR population is 
estimated as a few to several percent of the mechanical energy input 
to the Galaxy from SNe explosions, together with a distinct lack of 
other plausible energy sources (with the possible exception of gamma- 
ray bursts, which also meet energy requirement), is a strong hint that 
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the ultimate power source for the GCR accelerator is to be found in 
SNe. However if the GCR were accelerated in the explosion itself, the 
adiabatic losses experienced by the GCR particles in pushing aside the 
ambient interstellar medium (ISM) would raise the energy requirements 
to an impossible level. Thus the acceleration site must be located 
in the subsequent supernova remnant (SNR) and in diffusive shock 
acceleration we have a convincing mechanism for doing this. 

2.1. Predictions of nonlinear nonthermal shock models of 
SNRs 

There have been substantial developments in our understanding of 
diffusive shock acceleration, especially as applied to SNR shocks, in 
the last several years (e.g., Berezhko & Voelk 2000; Berezhko & Ellison 
1999; Ellison et al. 1997; Meyer et al. 1997). The key advance has 
been improved understanding of the nonlinear reaction effects of the 
accelerated particles on the shock structure, an essential aspect if the 
process is to operate with high efficiency. One of the most promising 
aspects of this work is that, despite the uncertainties and the ad-hoc 
assumptions that still have to be made, there appears to be good 
agreement between the different approaches. Specific predictions of all 
nonlinear nonthermal shock models ranging from simple fluid models 
through various Monte Carlo and kinetic models to asymptotic analytic 
theories are the following: 

— An extended precursor region on the upstream side of the shock 
in which the material flowing into the shock is decelerated, com- 
pressed and heated and where the magnetic field is strongly dis- 
turbed. 

— A subshock, essentially a conventional shock, marking the transi- 
tion from the upstream precursor region to the downstream region; 
relative to shock models without particle acceleration the overall 
compression ratio is significantly enhanced, but the subshock ratio 
is reduced. 

— Lower postshock temperatures downstream (relative to shock mod- 
els without particle acceleration) , but preheating of the bulk plasma 
on the upstream side of the subshock both through adiabatic com- 
pression and dissipation of the intense magnetic turbulence. 

— Accelerated particle momentum distribution functions which are 
close to power-law, but slightly concave and "hard", over an ex- 
tended region between the thermal peak and the upper cut-off. 
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— Thermal and non-thermal ion populations which join smoothly 
through non-Maxwellian tails on the quasi-thermal shocked distri- 
bution and an energy content in the accelerated particle population 
which is a significant part of the shock energy budget. 

The length and time scales associated with the precursor structure 

are determined by the diffusion of the accelerated particles in the 
shock neighbourhood. It is important to note that, because of the 
strongly perturbed magnetic field, the diffusion coefficients are very 
much smaller than in the general interstellar medium. The usual as- 
sumption which is made is that the diffusion obeys Bohm scaling with 
a mean free path which is of order the particle gyro-radius. If parti- 
cles are efficiently accelerated up to the maximum energy allowed by 
the geometry and age of the shock, the precursor length-scale for the 
highest energy particles will typically be of order one tenth the shock 
radius and proportionally less at lower energies. 

2.2. Observational tests of SNR source models 
2.2.1. Radio diagnostics 

Radio observations of electron synchrotron emission, because of the 
excellent sensitivity and angular resolution of modern radio telescopes, 
are powerful probes of the distribTitions of relativistic electrons and 
magnetic fields in and around SNRs. Unfortunately the magnetic fields 
are usually only poorly known and this considerably complicates the 
interpretation of the radio data in isolation. Another problem is that, 
since the characteristic emission frequency scales as the electron energy 
squared, a very wide spectral range of synchrotron emission must be 
observed to learn about any appreciable energy range of the electron 
spectrum. And of course the observations tell us nothing directly about 
accelerated ion populations. However, for conventional magnetic fields 
of a few /LtG and observing frequencies in the GHz range the emission 
is dominated by electrons of a few GeV energy, so the radio studies 
typically sample electrons of comparable energies and rigidities to the 
mildly relativistic protons which dominate the energy density of the 
Galactic cosmic rays and there is not reason to suppose that at these 
energies the transport and acceleration of electrons is very different to 
that of protons. 

The simple test-particle theory of shock acceleration gives a fixed 
relation between the shock compression ratio r and the electron dif- 
ferential energy spectral index, ,s = (r + 2)/(r — 1), which in turn 
is related to the synchrotron spectral index, a = {s — l)/2. If the 
equation of state is close to that of an ideal gas with a ratio of specific 
heats 7 = 5/3, then all strong shocks have r 4 and thus s = 2, 
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implying synchrotron spectral indices a = 0.5. At radio frequencies, 
values below 0.5, commonly observed among Galactic shell remnants, 
then either require lossy shocks with compression ratios above 4 (ei- 
ther radiative shocks or efficient cosmic-ray-accelerating shocks), or 
confusion with flat-spectrum thermal radio emission. Values above 0.5 
in the tcst-particle picture require weak shocks, unacceptably so for 
young remnants such as Tycho or Kepler (data in Green, 1998), or 
curved spectra (hardening to higher energies) as predicted by nonlinear 
acceleration models (Ellison and Reynolds, 1991). The curvature not 
only gives direct evidence for a modified shock and electron diffusion 
coefficient increasing with energy, but can in principle be used to find 
the mean magnetic-field strength (Reynolds and Ellison, 1992), though 
in practice the data are not of high enough quality to enable this. 

Two areas of concern exist for this predicted curvature. First, in 
Cas A, the integrated radio spectral index is constant at about —0.78 
from about 10 MHz to 100 GHz - a factor of 100 in electron energies, 
over which the spectrum is predicted to have measurable curvature 
(e.g., Ellison et al. 2000). Second, in radio supernovae, spectral indices 
of up to 1.0 are observed, which do not change with time as would 
be expected if increasing shock modification by energetic particles is 
occurring (Weiler et al., 1990; Gaensler et al., 1997; Montes et al., 
1998, 2000). 

In diffusive shock acceleration, electrons diffuse a significant distance 
ahead of the shock in the process of gaining energy - far enough ahead 
to produce a potentially observable synchrotron precursor in the radio. 
Achterberg, Blandford, & Reynolds (1994) used this effect, in conjunc- 
tion with observations of several sharp-rimmed SNRs, to put a lower 
limit on the upstream electron diffusion length. They conclude that 
MHD turbulence upstream of shocks in four young SNRs must have 
amplitudes larger than those responsible for average galactic cosmic-ray 
diffusion (near 1 GeV) by factors of at least 60. Unfortunate magnetic- 
field geometry in all four cases could render larger precursors invisible, 
but alignment of the external magnetic field to less than ~ 30° of the 
line of sight would be required in all cases. This effect can be searched 
for in all radio observations of sharp-rimmed remnants; applications in 
larger, presumably older remnants (e.g., CTA 1; Pineault et al. 1997; 
Aschcnbach & Leahy 1999) require intermediate levels of enhanced 
turbulence. In no case has a structure been seen in a radio SNR im- 
age which can be unambiguously identified as pre-shock synchrotron 
emission, though dimensionless amplitudes 5B/B ^ 0.1 are adequate 
to render radio halos too thin to resolve. For remnants whose X-ray 
emission is dominantly synchrotron, halos must be observably large, 
but may be too faint to detect. 
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2.2.2. Optical and Ultraviolet diagnostics 

Radiative shocks efficiently convert thermal energy to radiation in a 
cooling zone far downstream from the shock, and there most signatures 
of physical processes in the shock have been erased. More interesting 
are non-radiative shocks in which the gas does not cool appreciably 
after being shocked. In this case optical and UV lines are emitted from 
the narrow layer where the gas is ionized just behind the shock. These 
shocks are faint, but have been detected in about a dozen SNRs; UV 
imaging should show the positions of similar shocks in other remnants. 
The faint emission from non-radiative shocks yields important limits on 
electron-ion and ion-ion temperature equilibration and can also be used 
to investigate the precursor predicted by diffusive shock acceleration 
models. 

The most complete diagnostics are available for shocks in partially 
neutral gas (Chevalier & Raymond 1978). A neutral hydrogen atom 
feels neither plasma turbulence nor electromagnetic fields as it passes 
through a collisionless shock. It will be quickly ionized in the hot post- 
shock gas, but it may be excited and produce a photon first. On average, 
it will produce Qex/Qi photons (the excitation rate over the ionization 
rate) before being destroyed, or about 0.2 Ha photons per H'^ atom. 
Because the neutrals do not feel the shock itself, the Ha profile reveals 
the pre-shock velocity distribution of the H atoms. However, there is 
a substantial probability that the atom will undergo a charge transfer 
reaction before being ionized. This produces a population of neutrals 
having a velocity distribution similar to that of the post-shock ions, 
and they produce a corresponding broad component to the Ha profile. 

Thus the line widths of the broad and narrow components of Ha 
measure the post-shock and pre-shock proton kinetic temperatures 
quite directly. In a few cases, UV lines of He II, C IV, N V and O VI are 
also detectable. These ions are affected by the shock, and the line widths 
directly measure the kinetic temperatures of those species. In the two 
cases measured so far, the UV lines imply roughly mass-proportional 
temperatures (Raymond et al. 1995; Raymond et al. 2000). 

There are two ways to find Te in these shocks. The intensity ratio 
of the broad and narrow components of Ha depends on the ratio of 
the charge transfer rate to the ionization rate, qct/lij and the latter 
depends of Tc. Ghavamian (1999) finds that Tc/Tp just behind the 
shock varies from more than 80% in the 350 km/s shock in the Cygnus 
Loop to 40-50% in the 620 km/s shock in RCW 86 and less than 20% 
in the 1800 km/s shock in Tycho. Another determination of Tc/Tp 
used the UV lines in SN1006 (Laming et al. 1996). Here, the C IV, 
N V and O VI excitation rates are dominated by proton collisions, 
while the He II A1640 line is excited by electrons. The observed line 
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ratios imply Te/Tp < 0.2. In both the Cygnus Loop and SN1006, the 
parameters derived from UV and optical lines agree well with analyses 
of the X-ray spectra. The tendency for a decreasing degree of electron- 
ion equilibration with increasing shock speed matches results for shocks 
in the solar wind (Schwartz et al. 1988). 

Diffusive shock acceleration requires a precursor in which particles 
scatter back and forth between the shock jump and MHD turbulence 
(e.g Blandford and Eichler 1987). Dissipation of the turbulence will 
heat and accelerate the gas upstream of the shock jump in a precursor. 
The only detailed model of a precursor in partially neutral gas is that 
of Boulares and Cox (1988). 

The cosmic ray acceleration precursor should have four potentially 
observable effects on UV and optical lines: 1) The narrow component 
of Ha will show the precursor temperature and turbulence rather than 
ambient ISM values;Q 2) Ionization in the precursor may reduce the 
hydrogen neutral fraction, and cut down the flux of neutrals reaching 
the shock; 3) A shock observed face-on should show a Doppler shifted 
narrow Ha line; and 4) Compression and heating in the precursor may 
produce faint (narrow) Ha, [N II] and [S II]. 

Observationally, 1) the Ha narrow components are 30-50 km/s wide 
(Hester, Raymond and Blair 1994; Smith et al. 1994; Ghavamian et 
al 2000), much too wide to be an ambient ISM temperature, 2) the 
hydrogen neutral fraction required to match the observed Ha brightness 
in the few cases analyzed limits the precursor thickness to ~ 10^^~^^ 
cm (approximately the upstream diffusion length of a 10^^ eV proton 
assuming B ~ 5/iC, a shock speed of 1000 km/s, and strong scattering), 
3) no Doppler shift is seen in long slit echelle image across the middle 
of an LMC Balmer-dominated SNR (Smith et al. 1994), and, 4) faint N 
II] and [S II] detected at a Balmer line filament in the NE Cygnus Loop 
by Fesen and Itoh (1985) may arise in a precursor, while more extended 
emission (e.g. Bohigas, Sauvageot and Decourchelle 1999; Szentgyorgyi 
et al 2000) is likely to be a photoionization precursor. 

Overall, the precursor needed in cosmic ray acceleration models 
matches the observations except for the lack of Doppler shift. An alter- 
native explanation is a precursor due to escape of the fast component 
neutral hydrogen (produced by charge transfer with post-shock pro- 
tons) out the front of the shock. This idea has not yet been developed 
in detail. The heating suggested by the observed Ha profiles is smaller 
than that in the Boulares and Cox (1988) model, perhaps because 
Boulares and Cox assumed very efficient cosmic ray acceleration. 



This assumes there is time for the neutrals to feel the increasing temperature 
in the precursor. 
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2.2.3. X-ray diagnostics 

Several SNRs are now known whose X-ray emission shows strong ev- 
idence for the presence of nonthermal emission: SN 1006 (Koyama et 
al. 1995), G347.3-0.5 (Koyama et al. 1997; Slane et al. 1999), RXJ 0852.0- 
0462 (Slanc ct al. 2001), Gas A (Allen et al. 1997; Favata et al. 1997; 
The et al. 1996), RCW 86 (Borkowski et al. 2001). In SN 1006, G347.3- 
0.5 and RXJ 0852.0-0462, the X-ray spectrum is almost featureless; 
Gas A shows many X-ray lines but a power-law continuum up to 80 
keV; and RGW 86 shows anomalously weak lines best explained as 
a synchrotron continuum diluting a thermal spectrum. Nonthermal 
bremsstrahlung was suggested as a possible contributing process in Gas 
A (Asvarov et al. 1990; Laming 2001). However, in the former 
synchrotron explanation is preferred to nonthermal bremsstrahlung, 
because of steepening or faint or nonexistent spectral lines. This syn- 
chrotron continuum can then provide powerful diagnostics of shock 
acceleration. However, nonthermal bremsstrahlung should become the 
dominant source of photons above some energy, and future observations 
should be able to discriminate. 

2.2.3.1. Modifications of the thermal emission For nonlinear shock 
acceleration the overall shock compression is increased. Thus higher 
downstream densities are expected, which can be derived in principle 
from the X-ray emission volume and ionization timcscale. However, 
the difficulty is then to distinguish between a higher density ambient 
medium and a higher compression ratio. For that, an independent de- 
termination of the upstream density is required. A possible way is to 
derive the upstream density from the flux in the photoionized region 
surrounding some supernova remnants as was done by Morse et al. 
(1996) for N132D using optical observations. Other global information 
may give an indication of the upstream density like the location in 
the galaxy (high latitude for SN 1006 and Kepler) or the study of the 
environs of the remnant (e.g. Rcynoso et al. 1999 for Tycho). 

Efficient acceleration also lowers the downstream temperature, and 
the post-shock electron temperature can be estimated from the X-ray 
spectra. With no acceleration effects the dimensionless ratio 

x = [l/ip mn)]{m/V^) 

of the mean post-shock temperature to the square of the shock speed 
is equal to 3/16. In nonlinear shock acceleration, x drops well below 
this value (Ellison 2000, Decourchelle, Ellison, k Ballet 2000). Thus 
independent measurements of the shock velocity and post-shock tem- 
perature give a powerful diagnostic of efficient shock acceleration. The 
shock velocity can be estimated from X-ray expansion measurements 
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(see Vink et al. 1998; Koraleski ct al. 1998; Hughes 1999; Hughes 2000) 
and possibly from Doppler shifts of X-ray lines (or Balmer hues as 
well), while the post-shock electron temperature can be derived from 
spatially resolved X-ray spectra of the downstream region. However, as 
discussed in section 2.2.2 the electron temperature is most likely not 
in equilibration with the ion temperature. The difficulty is then to dis- 
tinguish the effects of efficient acceleration from a lack of temperature 
equilibration between electrons and ions. 

The Chandra observation of IE 0102.2-7219 in the Smah Magel- 
lanic Cloud has allowed the determination of both the shock velocity 
and the post-shock electron temperature as demonstrated by Hughes, 
Rakowski, & Decourchelle (2000). The well known distance to the Small 
Magellanic Cloud allows a better determination of the shock velocity 
than for galactic supernova remnants, whose distance is often not well 
established. While the shock velocity is estimated to be ~ 6000 km/s, 
the post-shock electron temperature is 0.4-1 keV, which is almost 25 
times lower than expected for a 6000 km/s test-particle shock. Hughes 
et al. (2000) have shown that even Coulomb heating alone would pro- 
duce a higher electron temperature than observed unless a substantial 
fraction of the shock energy should have gone in accelerating particles, 
although the exact amount remains to be determined depending on the 
degree of equilibration between electron and ion temperatures. 

In non-radiative shocks, optical and UV lines yield important con- 
straints on this degree of equilibration (see section 2.2.2). Direct X-ray 
determinations of the ion temperature(s) are in principle possible, and 
will be available in future, once instruments have sufficient spectral 
resolution to measure the Doppler broadening of the X-ray lines. 

2.2.3.2. Overall effects on the SNR geometry The nonlinear shock 

modification impacts not only the jump conditions, but also the overall 
structure of the remnant. The non negligible fraction of accelerated 
ions modifies the compressibility of the shocked gas, and gives rise to 
a modified structure of the shocked material (e.g. Chevalier 1983). In 
young supernova remnants, the interaction region (between the reverse 
shock and the forward shock) gets thinner with higher efficiency accel- 
eration at the shocks, and has higher densities and lower temperatures 
as shown by Decourchelle, Ellison, & Ballet (2000). The position of the 
forward and reverse shocks with respect to the contact discontinuity 
(interface between stellar and ambient material) provides information 
on the efficiency of the acceleration at each shock (see Decourchelle et 
al. 2000). X-ray imaging instruments, which map the whole shocked 
region (and not simply the post-shock region), can give information on 
the location of both shocks and constrain their respective acceleration 
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efficiency. However, while the forward shock can be easily observed (see 
for example IE 01012.2-7219, Gaetz et al. 2000), the exact position of 
the reverse shock is difficult to establish due to projection effects and 
density structure in the unshocked ejecta. 

2.2.3.3. Effects from low-energy suprathermal electrons Shock accel- 
eration predicts an extended suprathermal tail to the downstream elec- 
tron energy distribution instead of the exponential cutoff characteristic 
of a thermal Maxwellian (e.g., Bykov and Uvarov 1999; Baring et al. 
1999). The entire electron distribution will radiate bremsstrahlung pho- 
tons, an electron with energy E typically producing a photon of energy 
E/3. This low-energy end of the nonthermal electron distribution can 
also produce potentially observable effects through collisional ionization 
and excitation. 

The nonthermal-bremsstrahlung continuum should have a concave- 
upward curvature. This has not been seen, either because of the pres- 
ence of synchrotron emission, or because thermal bremsstrahlung still 
dominates. In most cases, however, one expects that above about 10 
kcV any synchrotron component must be dropping away rapidly. Im- 
ages and spectra of SNRs in the range of tens of keV with adequate sen- 
sitivity should certainly find nonthermal bremsstrahlung, whose anal- 
ysis will give important direct information on the production of low- 
energy cosmic-ray electrons and on the details of the injection mecha- 
nism. 

Ionization and excitation rates from electron impact are calculated 
by integrating energy-dependent cross sections over the electron energy 
distribution and will differ most from those calculated for a strictly 
Maxwellian distribution. Similar calculations have been done for the 
solar corona and other stellar coronae (e.g., Owocki & Scudder, 1983) 
and differences in the ionization balance have been found. Hamper- 
ing this effort is our poor understanding of electron injection, so that 
there is no unambiguous prediction for the shape of the low-energy 
end of the nonthermal electron distribution. Calculations for power 
laws are not unreasonable at this stage. This has recently been done 
for a range of possible power laws (Porquet, Arnaud, &: Decourchelle 
2001): the increase of the ionisation rates depends on the fraction 
of nonthermal electrons above the ionisation potential and can reach 
several order of magnitudes. The ionisation balance can be affected 
significantly, in particular at low temperatures, but the effects are 
less for the ionizing plasmas expected in young supernova remnants. 
The new generation of X-ray spectrometers [Chandra/ HETGS and 
XMM-Newton/RGS) is providing high spectral resolution spectra of 
the brightest and smallest angular size supernova remnants like IE 



10 



0102.2-7219 (see Rasmussen et al. 2001), which wiU ahow precise hne 
diagnostics, relevant for constraining nonthermal ionisation and line 
excitation. 

2.2.3.4. Synchrotron continuum If no lines are present, or if the con- 
tinuum steepens and can be shown not to be thermal by other ar- 
guments, synchrotron emission is the most likely possibility. Simple 
considerations (e.g., Reynolds 1996) show that one can readily expect 
synchrotron emission to photon energies above 10 keV from remnants 
up to and perhaps beyond 10*^ years in age. However, in all SNRs 
observed in both radio and X-rays, the X-rays (thermal or not) fall 
below the extrapolation of the radio spectrum, indicating that the 
electron spectrum has begun to steepen at what turn out to be energies 
of no more than about 10 TeV in most cases (Reynolds and Keohane 
1999). While this rolloff may be due to radiative losses in some cases, 
for all five historical remnants in the sample, the radiative-loss limit 
is higher than the one actually observed, indicating that the cutoff 
is due to some other process and is presumably the same for ions 
as for electrons. Unless the older remnants improve unexpectedly in 
their ability to accelerate particles to the highest energies, (perhaps 
through magnetic field amplification as recently suggested by Lucek 
and Bell, 2000) the ability of SNRs to produce power-law spectra up 
to the "knee" is in question. As we discuss below, Cas A, because of 
its extremely high inferred magnetic field (~ 1000//G), should be able 
to accelerate protons to well above 10^^ eV (Allen et al. 1997). 

Where synchrotron X-rays are required to explain part or all of the 
observations, power laws have mainly been used for the analysis. Over 
the limited spectral range of current X-ray satellites, this is a reason- 
able approximation, though it is not expected physically. The sharpest 
cutoff naturally arising through shock acceleration is an exponential in 
electron energy (Webb, Drury, &; Biermann 1984; Drury 1990) and in a 
real remnant, spatial inhomogeneities and time dependent effects will 
result in a rolloff even broader than this. Extensive models have been 
calculated in Reynolds (1998). A few of the simpler ones are available 
in the X-ray spectral fitting package XSPEC (v.ll) and have been 
applied to SN 1006 (Dyer et al. 2000) and ROW 86 (Borkowski et al. 
2001). Rolloff frequencies found in these fits imply electron energies of 
the same order as the upper limits cited above, of tens of TeV. Similar 
results are found in more complete models (Berezhko, Ksenofontov, 
& Pctukhov 1999) which calculate the cosmic ray acceleration self- 
consistently and match the broad-band continuum emission including 
the GeV and TeV gamma-ray observations (see also Ellison, Berezhko, 
& Baring 2000). 



11 



Morphological information on synchrotron X-rays can also be im- 
portant. X-ray emitting electrons have energies of order 100 TeV and, 
should diffuse observable distances ahead of the shock as they are accel- 
erated. These synchrotron halos are similar to the precursors expected 
in radio, but on a larger scale corresponding to larger diffusion lengths. 
Unlike radio halos, they should always be large enough to resolve, 
but unfavorable upstream magnetic-field geometry (a magnetic field 
primarily along the line of sight to the observer) might make them 
unobservably faint. Behind the shock, X-rays should come from a nar- 
rower region than in the radio because of radiative losses; however, 
projection effects may make this effect difficult to observe. 

2.2.4. Gamma-ray diagnostics 

The radio and X-ray synchrotron emission probes the accelerated elec- 
tron population, as do the non-thermal bremsstrahlung and inverse 
Compton components. They tell us nothing directly about the nuclear 
component which dominates in the GCR. Detection of gamma-ray 
emission from SNRs clearly produced by vr'' decay would be unambigu- 
ous direct proof of the existence of accelerated nuclei in SNRs (e.g., 
Drury et al, 1994; Naito and Takahara, 1994; Berezhko & Volk 2000). 

If TeV gamma rays can be shown (for instance, from spectral ev- 
idence) to be inverse-Compton upscattered CMB photons, the factor 
R by which the extrapolation of the radio spectrum to TeV energies 
exceeds the TeV flux can give the magnetic field (if synchrotron and 
IC occupy the same volume, unlikely to be exactly the case): 

R = 3.72 X lO^B^il. 

In SN 1006, ~ 1.4 X 10^ (Tanimori et al. 1998; Green 1998) implying 
(B) = 9.6 fiG. A more accurate model involving calculating the electron 
density everywhere also gives (B) = 9 fiG, and implies an efficiency of 
electron acceleration of about 5%. As more TeV observations of SNRs 
become available, similar calculations will be possible for more objects. 
Nondetections, or attibutions of TeV emission to other processes such 
as TT^ decay or bremsstrahlung, give lower limits on the mean magnetic 
field. 

It is important to note that the diffusive shock acceleration mecha- 
nism is expected to place a larger fraction of the available ram kinetic 
energy into ions than electrons (perhaps 10 times as much or more). 
If electron efficiencies as high as 5% are inferred for SN1006 and other 
SNRs, these objects may be producing cosmic rays with very high 
efficiencies. If this is the case, test-particle models will be clearly in- 
adequate and nonlinear models of particle acceleration will need to 
be applied to both the SNR dynamics and the particle spectra (De- 



12 



courchelle, Ellison, k. Ballet, 2000; Hughes, Rakowski, &; Decourchelle, 
2000) 

2.2.5. Charged particle diagnostics 

There are three aspects of particle spectra that need consideration 
in matching cosmic ray observations: (1) the shape, (2) the maxi- 
mum energy, and (3) the possibility of features (i.e., bumps) caused 
by individual nearby sources dominating the spectrum. 

The accelerated particle spectrum at the source is predicted to be 
at least as hard or even somewhat harder than an energy spec- 
trum over a wide energy range. The actual source spectra inferred from 
observations after propagation corrections tend to be softer (steeper) 
than this, spectral exponents around 2.1 being favoured by propagation 
models with negligible reacceleration and values as soft as 2.4 being re- 
quired for the models with significant reacceleration. This is a worrying 
discrepancy. 

The upper energy limit of acceleration is determined essentially, as 
is evident on dimensional grounds, by the product of shock radius, 
shock velocity and magnetic field; as the famous Hillas plot shows this 
severely restricts the possible Galactic acceleration sites. Specifically, 
the maximum energy, -Emax, can be estimated by first using a model 
of SNR evolution (e.g., Truelove Sz McKcc 1999 which continuously 
maps between the free expansion and Scdov phases) to give the shock 
parameters (i.e., speed, T4k) and radius, i?sk) as a function of explosion 
energy, Esn, ejecta mass, Mej, and remnant age, tgnr- The maximum 
momentum where the spectrum cuts off is then estimated by setting the 
diffusive shock acceleration time, taco equal to ignr, or by setting the 
upstream diffusion length equal to some fraction of the shock radius, 
whichever produces the lowest -Emax- In fact, an accurate determina- 
tion of -Emax in an evolving remnant requires a more complete model 
than this (Berezhko, 1996), which keeps track of the history of par- 
ticles, adiabatic losses, and the numbers of particles accelerated at a 
given epoch. However the results of the more sophisticated model agree 
within factors of order 2 with the simple estimates. 

For electrons, .Emax is equal to that of the protons or to the value 
determined from combined synchrotron and inverse- Compton losses, 
whichever is less (see Baring ct al. 1999 for details). 

Recent studies of SN1006 (Reynolds 1996; Berezhko et al. 1999; 
Ellison, Berezhko, & Baring 2000) and Kepler's SNR (Ellison 2000) 
indicate that, while these SNRs accelerate particles to TcV energies, 
they do not produce particle energies anywhere close to 10^^ eV. Cas 
A on the other hand, because of its extremely large magnetic field 
{B ^ 1000/xG) should be easily able to produce particles with energies 
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of 10 eV or higher. This suggests that only some subclass of SNRs 
can provide the knee particles while most SNRs have spectra cutting 
off at considerably lower energies (Reynolds and Keohane 1999). This, 
in turn, suggests that features may be observable in the GCR spec- 
trum even well below the knee and that the number of local sources 
contributing to the knee region may be quite small (cf Erlykin and 
Wolfendale, 2000). 

3. CR Compositional tests 

There has been much debate about the origin of the material accel- 
erated to form the GCR. The inferred chemical composition of the 
GCR at source (that is after slightly mo del- dependent corrections for 
propagation) is now rather well determined for all the major species 
and even many minor ones. The composition is basically quite close to 
solar, but with significant differences as reviewed in J-P Meyer's talk. 

3.1. Acceleration fractionation effects 

The nonlinear shock acceleration models make quite specific predic- 
tions about the composition of the accelerated particles compared to 
the composition of the medium into which the shock is propagating. 
Firstly, any seed population of pre-existing nonthermal particles in 
the upstream medium will be picked up and accelerated by the shock 
with essentially no fractionation (this is basically the original linear 
test-particle picture of shock acceleration). Secondly, and much more 
interestingly, the nonlinear theory requires that the shock-heated par- 
ticle distribution contain a nonthermal tail extending to very high 
energies. The transition from the thermal population to the nonthermal 
tail defines what is usually called the "injection" rate. This is perhaps 
the most important point about nonlinear shock acceleration, there is 
no need for a separate injection process, a shock propagating in a given 
medium accelerates particles out of that same medium. In fact the im- 
portant point about this injection process is not that it is difficult, but 
rather, as has been emphasised recently by Malkov, that it is too easy. 
The problem is that there is simply not enough energy to accelerate 
very many particles to relativistic energies. Thus the nonlinear reaction 
effects on the shock structure and the dissipative processes operating 
in the subshock have to conspire to throttle back the effective injection 
rate to a reasonable value. In the case of SNR shocks this means that 
the effective injection rate for protons has to be of order 10"*^. 

The protons are the key species because they dominate the energy 
budget. Because the shock is a collisionless plasma shock dominated 



14 



by magnetic field effects the throttling back must be done by what is 
basically a gyroradius filtering effect whereby the injection of particles 
with magnetic rigidity of order that of a shock-heated proton is strongly 
suppressed. However particles of higher rigidity and larger gyroradius 
do not interact as strongly with the small scale fields and structures 
responsible for this suppression and therefore are more efficiently in- 
jected. Although the details are complicated, and not really understood, 
there is a clear qualitative prediction. For a shock propagating in a 
multispecies medium, but one dominated in mass density by hydrogen, 
the compostion of the accelerated particles relative to the preshock 
medium should show a fractionation which is a smooth monotonically 
increasing and then saturating function of initial particle mass to charge 
ratio (this is often referred to as an A/Q effect and, in fact, the A/Q 
enhancement may not be strickly monotonic for extremely low Mach 
number shocks, e.g., Ellison, Drury, & Meyer (1997)). Of course this 
refers only to the nuclear and other heavy species with mass to charge 
ratios greater than that of the proton; the problem of the electron 
injection rate is much more complicated. 

Qualitatively, this fits the general overabundance of heavy elements 
in the GCRS composition relative to solar, but it is impossible to get a 
good quantitative fit using equilibrium ionisation models of a gas phase 
ISM with standard composition (however if only volatile elements arc 
considered, A/Q does allow a good fit; (Ellison et al., 1997), (Meyer et 
al., 1997)) 

3.1.1. Dust 

In much of the ISM the refractory elements are not in the gas-phase 
but condensed into small interstellar dust grains. These grains are elec- 
trically charged and will behave like very heavy ions. Because of their 
enormous gyroradii they are injected with essentially unit efficiency, but 
are only very slowly accelerated. Detailed estimates of the acceleration 
and other length and time scales show that the accelerated dust particle 
distribution will cut-off at dust velocities about ten times that of the 
shock because of frictional losses. The collisions between the gas atoms 
and the dust grains which are responsible for this friction also induce a 
certain amount of sputtering of secondary ions from the grain surface, 
and because the grains are diffusing on both sides of the shock some of 
these secondary ions are produced in the upstream region just ahead of 
the shock. Detailed estimates show that, independent of dust, gas and 
shock parameters, this yields a seed ion population upstream which 
is 0(10"^) suppressed relative to the top end of the accelerated dust 
distribution. These ions are swept into the shock and accelerated with 
little or no further fractionation, and because the protons are sup- 
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pressed relative to the bulk material by about 10^ the final effect is that 
the sputtered dust component is expected to show roughly an order of 
magnitude enhancement relative to hydrogen with little fractionation. 

3.1.2. Ionization state 

The volatile species accelerated out of the gas phase, on the contrary, 
are expected to show a strong A/Q fractionation effect. The problem 
here is to estimate the effective charge state of these species. Ex- 
cept in the very hot phases of the ISM it is unlikely that the mean 
charge is more than +1 or +2, however in the shock precursor region 
photo-ionization by radiation from behind the shock is probably also 
important. This is one area where a detailed study would be very useful. 
For the moment if one simply assumes that the volatile ISM species are 
unlikely to have lost more than one or two electrons, the mass can be 
taken as a proxy for the effective A/Q value. The prediction of shock 
acceleration out of a dusty ISM is then that two components should be 
visible in the compositional data. The volatiles should lie on a rather 
smooth fractionation line which is a monotonically increasing function 
of atomic mass. In addition, there should be a refractory component 
from dust which shows little or no mass dependent fractionation, but 
which is globally enhanced by a factor of about ten relative to hydrogen. 
This appears to be in very good agreement with all the data on the 
chemical composition of the GCRS. In particular, 10% of oxygen must 
be in grains from dust chemistry, and we know that substantial amounts 
of carbon are also in grains as well as the gas phase so that these two 
elements should fall between the two bands, exactly as observed. 

3.1.3. FIP 

The alternative "explanation" of the pattern of elemental abundance 

variations observed between the GCRS and solar is the so-called FIP 
effect. It is known that in the solar corona elements with first ionization 
potentials (FIP) below about 10 eV are enhanced by about an order of 
magnitude and there is evidence that the same effect occurs in the 
coronae of other cool stars. This effect biases the composition of solar 
energetic particles and produces a composition which is remarkably 
similar to that of the GCRS. This has lead to suggestions that the 
source of the GCR material is to be found in coronal mass ejections 
from solar-like stars, but it is difficult to make a plausible quantitative 
model along these lines. Somehow one has to produce a large sea of 
low energy particles from dwarf stars which survive long enough to en- 
counter strong SNR shocks and be accelerated without being swamped 
by fresh particles accelerated by the shock out of the ISM. The close 
resemblence of a FlP-biased composition to that predicted for particles 
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accelerated by a shock from a dusty ISM results of course from the 
fact that FIP correlates strongly with chemistry. The reactive elements 
which form strongly bound chemical compounds and condense out of 
the gas phase are mostly those with low first ionization potentials. 

This is often presented as a FIP versus volatility debate, but this is 
not really correct. The comparison should be between the specific phys- 
ical model of acceleration by an SNR shock of particles from a dusty 
ISM with standard bulk composition and grain chemistry, and a more 
speculative scenario of injection of FlP-biased material from young 
dwarf stars with high levels of flaring activity followed by subsequent 
SNR shock acceleration of this material. 

3.2. ^^Ne and Wolf-Rayet stars 

There is now strong observational evidence that the (isotopic) compo- 
sition of the Galactic Cosmic Rays (GCRs) exhibits some significant 
deviations with respect to the abundances measured in the local (solar 
neighbourhood) interstellar medium (ISM) (see Lukasiak et al. 1994; 
DuVcrnois ct al. 1996; Connell & Simpson 1997; George et al. 2000; 
Wiedenbeck 2000). The most striking difference between the isotopic 
composition of the Galactic Cosmic Ray Sources (GCRS) and the solar 
system is the factor ~ 3 enhanced ^^Ne/^°Ne ratio observed in the 
GCRS, while isotopic ratios involving heavier isotopes like magnesium 
or silicon have near solar values. Wolf-Rayet (WR) stars appear as a 
promising source for the ^^Ne excesses. Indeed, during the WC phase, 
a particular stage during the WR phase (see e.g. the review on the WR 
stars by Willis 1999), stellar models predict that ^^Ne is significantly 
enhanced in the stellar winds. Let us emphasize here that the predicted 
^^Ne excesses in the winds of the WC stars have been recently confirmed 
observationally (Willis et al. 1998; Dessart ct al. 2000). 

Two scenarios have been proposed in order to account for the differ- 
ences ('anomalies') in the isotopic composition of the GCRSs. In both, 
WR stars play an important role as the source of the ^^Ne excess. 
The first scenario invokes two distinct components to be accelerated to 
GCR energies (e.g. Arnould 1984; Prantzos et al. 1987, and references 
therein). The first component, referred to as the 'normal component', is 
just made of ISM material of 'normal' solar composition, while the other 
one emerges from the nuclear processed wind of massive mass-losing 
stars of the WR type, and is referred to as the 'wind component'. It 
has been demonstrated that this type of scenario is able to account in a 
natural way for the excess of ^^Ne. Typically, the fractional contribution 
of the wind component to the bulk GCRs found by imposing the model 
reproduction of the observed GCR ^^Ne/^'^Ne ratio (adopted here equal 
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to 3) ranges between about 2 and 10%, depending upon the model star 
(see the contribution by Meynet et al. in this volume). 

A second scenario has been proposed in order to explain the GCR 
composition anomalies (Woosley &; Weaver 1981; Maeder 1984; Meynet 
& Maeder 1997; Meynet et al. in this volume). This model, envisions the 
acceleration of ISM material whose composition is different from the 
normal one used for comparison (i.e. the ISM in the solar neighbour- 
hood). More specifically, it is assumed that the accelerated ISM orig- 
inates from the inner regions of the Galaxy, where the star formation 
and supernova rates are higher than in the solar neighbourhood. As a 
consequence, the metallicity is higher and the ISM isotopic composition 
is very likely to be different as well. 

Whilst several observational data can be accounted for, both models 
still face difficulties. In the two-components scenario, it remains to be 
seen if the WR wind component can be accelerated with a large enough 
efficiency in order to contaminate at a high enough level the normal 
component made of ISM matter of typical local (solar neighbourhood) 
composition. The metallicity-gradient model faces more specific prob- 
lems related to the construction of reliable chemical evolution models 
of the Galaxy, and in particular to the predictions of composition 
gradients in the galactic disc. 

On the observational side, further data, concerning in particular 
heavy s-process nuclides, would certainly be very helpful in constrain- 
ing the models. 



4. Superbubbles as GCR sources 

As recalled above, energetic considerations make SN explosions a very 
probable energy source for GCRs. SN explosions, however, are not ran- 
dom in the Galaxy, and show strong spatial and temporal correlations 
resulting from the concentration of the vast majority of (core-collapse) 
SN progenitors into OB associations, formed on a short timescale from 
the collapse of a giant molecular cloud (e.g. Blitz, 1993). The explosion 
of the first SN among such an association is thus to be followed by 
several tens of others within a few million years, at approximately the 
same location. This results in the formation of a 'multiple supernova 
remnant', powered by both the SN explosions and the strong winds 
of Wolf-Rayet stars in the OB association, which grows as a large 
bubble of hot, tenuous plasma known as a superbubble (e.g. MacLow & 
McCray, 1988; Tomisaka 1998; Korpi et al. 1999). Superbubbles (SBs) 
are commonly observed in X-rays in our and nearby galaxies. 
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The impact of multiple SNe on their environment is large, and if SN 
explosions are indeed the GCR source of energy, the fact that most 
SNe occur in groups should incite us to take their collective effect 
into account when considering cosmic ray acceleration. In particular, 
it seems natural to expect an intense supersonic turbulence inside the 
accelerator, due to the interaction of individual SN shocks and strong 
stellar winds in the SBs. 

4.1. Particle acceleration inside superbubbles 

The theory of diffusive shock acceleration described above applies to 
the 'regular' shocks of distinct, isolated SNRs. For most SN explosions 
occuring inside SBs, however, the 'well-ordered SNR' stage may be 
relatively short due to the interaction with the pre-existing strong tur- 
bulence (primary and secondary shocks from previous SNe and stellar 
winds). Assuming a length scale of about 10 pc between two ma- 
jor shocks, and a large ambient magnetic field strength > 30 /xG, 
the timescale for the disruption of a SN shock inside a SB can be 
roughly estimated as ~ 1000 years. Given the very low ambient density 
(^10~^ part.cm"^), only a small amount of matter can flow through the 
forward shock of a SN before it encounters another strong shock or a 
clump of denser material and generates a scries of secondary shocks by 
reflection, eventually leading to the mentioned strong turbulence. The 
mass contained inside a sphere of 10 pc with a density of 10~^ cm~^ is 
only 1 solar mass! However, particle acceleration does not cease when 
the strong magnetic turbulence develops. On the contrary, it is expected 
to become very efficient, and SBs have been considered as very plausible 
sites of nonthermal particle acceleration (Bykov k. Fleishman, 1992; 
Parizot, 1998; Higdon, Lingenfelter &; Ramaty, 1998). 

The acceleration mechanism in SBs should enable an efficient con- 
version of the MHD energy of large scale shocks and plasma motions 
into CRs. The SB acceleration model is based on the kinetic equation 
for the particle distribution functions in the stochastic velocity field 
with multiple shocks inside SBs. It has been developed by Bykov & 
Toptygin, 1987; Bykov & Fleishman, 1992; Bykov, 1999. The models 
account for the creation of a nonthermal population of nuclei with a 
hard low-energy spectrum, containing a substantial part of the kinetic 
energy released by SNe and massive stellar winds. Test particle calcu- 
lations pointed at the importance of nonlinear effects, and a nonlinear 
model accounting for the reaction of the accelerated particles on the 
shock turbulence inside the SB has thus also been developed by Bykov 
(1999) (see also Bykov 2000, this volume), the outcome of which is 
a strong temporal evolution of the energetic particle spectrum. The 
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energy contained in the superbubble MHD turbulence is converted into 
nonthermal nuclei with an efficiency estimated as ^ 20 %. 

4.2. SUPERBUBBLES AND LIGHT ELEMENT PRODUCTION 

Up to now, the SB acceleration model has been mostly applied to 

light clement nucleosynthesis and Galactic evolution. Among the light 
elements (Li, Be and B), the isotopes ®Li, ^Be and ^'^B (and maybe 
^^B as well) are produced exclusively by spallation of heavier nuclei, 
mostly C and O. Recent studies have shown that the original Galactic 
nucleosynthesis scenario (Reeves et al., 1970; Meneguzzi et al., 1971) 
in which OR protons interact with C and O nuclei in the ISM was 
much too inefficient in the early Galaxy (where C and O are very 
rare). On the other hand, the possibility of accelerating particles out 
of the enriched material inside SBs, filled with stellar wind and SN 
ejecta, led people to consider the so-called superbubble model for Li, 
Be and B production (see the articles by Parizot and Ramaty in the 
present volume, and references therein). This model proved capable 
of accounting for all the current observational constraints pertaining 
to light element nucleosynthesis and evolution, which no other known 
mechanism can do. In particular, particle acceleration at the shocks of 
individual SNe, even when taking into account the ejecta accelerated 
at the reverse shock, is unable to explain the observed very efficient 
production of Li, Be and B in the early Galaxy (Parizot & Drury, 
1999a,b). 

Now if the collective effects of multiple SNe inside SBs dominate in 
the early Galaxy, it is natural to ask whether this is not also the case 
in present times, since most SNe do explode inside SBs. This would 
result in a harder energy spectrum at low energy (which incidentally 
makes the spallation reactions more efficient) , with most of the system 
energy being imparted to particles in the 0.1-1 GeV/n range. Another 
consequence would be a substantial enrichment of the cosmic rays by 
freshly synthesized nuclei, from SN ejecta and Wolf-Rayet stellar winds. 
This would offer a natural way to solve the Ne isotopic ratio problem. 

4.3. SUPERBUBBLES AND GCRS 

Most of what has been acquired from the study of CR acceleration by 
diffusive shock acceleration in isolated SNRs applies also in the context 
of superbubbles. According to the model developed by MacLow & Mc- 
Cray (1988) for the dynamical evolution of a SB, the material inside a 
SB (and thus entering the acceleration process) is composed mostly of 
the swept-up ISM, contaminated by a few percent of enriched material 
of stellar origin. This is in very good agreement with the conclusions 
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of the study of light element nucleosynthesis (Parizot, 2000, and this 
volume). Therefore, according to this scenario, the basic material from 
which the CRs are accelerated is close to the mean ISM, just as in 
the scenario involving individual SNRs (although the composition in- 
side SBs was much richer than the mean ISM in the early Galaxy). 
Most importantly, the SB lifetime and density are too small for the 
ionisation equilibrium to be reached and the dust grains are probably 
not destroyed in the imparted time, in spite of the very high ambient 
temperature. Therefore, the mechanism described above (and in Ellison 
et al., 1997) resulting in the enhanced injection of refractory elements 
into the acceleration process should work equally well in the ISM and 
at the strong shocks inside SBs. However, if most of the GCRs originate 
from SBs, then the 'abnormally' high abundance of ^^Ne among GCRs 
may be more easily understood. Indeed, Meynet has shown that the 
Neon isotopic ratio observed among GCRs requires that about 6% of 
the accelerated material is made of Wolf-Rayet winds (see Meynet 's 
article, this volume). This is remarkably close to what is expected 
inside SBs, from the study of both SB dynamics and light element 
nucleosynthesis . 

In addition, superbubbles might provide an acceleration mechanism 
drawing its energy from the SN explosions, just like the standard SNR 
model, but allowing for a higher energy cut-off, extending beyond the 
knee, notably because of their larger dimension. The problem of VHE 
CR acceleration in the superbubble model, has been addressed by 
Bykov & Toptygin (1997) in the framework of CR acceleration by 
multiple shocks. They estimated the maximal energies of accelerated 
nuclei as ~ 10^^ eV, in the presence of amplified fluctuating magnetic 
fields in the bubble interior of order 30 /xG. In this model, the spectrum 
beyond the knee and up to 10^^ eV is dominated by heavy nuclei. 

4.4. Observational evidence 

The SB acceleration mechanism appears natural from the theoretical 
point of view, since most of the SNe are indeed known to occur in 
this kind of environments, and is supported by the study of LiBeB 
production and evolution in the Galaxy. Interestingly enough, it now 
seems to be receiving direct observational support as well. 

Recent observations of interstellar Li abundances (Knauth et al., 
2000) have shown evidence of newly synthetized lithium in the Perseus 
0B2 Cloud, the value of the ^Li/''Li ratio being found both 10 times 
higher than in the standard ISM and very close to the spallation ratio. 
This could indicate that a very significant Li production by spalla- 
tion has recently taken place about the Perseus 0B2 association, on 
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a timescale shorter than the chemical homogenization timescale. The 
huge Li production required to locally overtake the standard Li produc- 
tion accumulated since the beginning of Galactic chemical enrichment 
could be explained within the SB model, and pleads in favour of an 
efficient particle acceleration inside superbubbles. 

Another observation by Cunha et al. (2000) reported an unexpected 
anti-correlation of B and O abundances in the Orion OBI associa- 
tion. Since both ^^O and ^^B are thought to be produced by SNe, 
one would expect instead a positive correlation of their abundances. 
However, Cunha et al. (2000) have shown that the anticorrelation can 
be explained if a strong B production by spallation has recently occured 
in the neighbourhood. Since the Orion clouds are just at the border of a 
typical example of a SB being blown by repeated SNe, the unexpected 
B-0 anticorrelation would be rather natural in the context of the SB 
model for particle acceleration. 

A confirmation of this interpretation of the B-0 anticorrelation in 
Orion is in progress, through the observation of the Be abundance in 
the same stars. Conclusive evidence for the particle acceleration inside 
SNs would be provided by the observation of X-ray and gamma-ray 
line emission from the SB shell and/or neighbouring molecular clouds. 
The detection of these K lines and nuclear de-excitation lines, possibly 
with INTEGRAL, would also allow one to determine more precisely the 
composition and spectrum of the SB energetic particles, and provide 
strong constraints on the SB acceleration mechanism. 

5. Nasty Problems 

The standard picture, that the bulk of the GCR originate from shock 
acceleration associated with strong SNR shocks, can justifiably claim a 
number of notable successes, however there remain a number of nasty 
problems which we wish, in conclusion, to point out (c/also Kirk and 
Dendy, 2001). 

5.1. O-STAR WIND TERMINATION SHOCKS 

A decade ago Lozynskaya (1991) pointed out that the terminal shocks 
in the winds from 0-stars are very similar to SNR shocks, yet there is no 
evidence for non-thermal effects associated with 0-star wind bubbles. 
What causes this difference? 
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5.2. The knee and beyond 

The standard picture makes a clear prediction that the GCR spectrum 
should start to cut-off at rigidities of about 10^^ V or less for all species 
and drop exponentially as one goes to higher energies. The data, on the 
contrary, shows only a very slight feature, the famous "knee" starting 
at about 10^^ V and continues to at least the "ankle" region of 10^^ V. 

5.3. Soft source spectra 

The nonlinear acceleration models do not produce precise power-law 
spectra, but they do put roughly as much, if not more, energy per 
logarithmic interval into the region near the upper cut-off as into the 
region around 1 GV where the protons are mildly relativistic. Thus 
the effective differential energy spectral index is close to 2.0, distinctly 
harder than the 2.3 to 2.4 range favoured by reacceleration models for 
Galactic propagation. 

6. Conclusions 

The prospects for interesting science are very good. On the one hand, 
observing capabilities are improving rapidly. On the other, the models 
are making definite predictions of potentially observable effects. And 
as the list of "nasty" problems shows, there is much that we do not 
understand. Contrary to the general "folklore" it is by no means certain 
that SNRs are the source of the GCR and in fact the existence of the 
"knee" and the particles above the "knee" is fairly clear proof that 
something else is required. 
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1. Implementation 
1 \ProvidesFile{klu9.clo}[\f iledate ] 
1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9.5, 9/11, 10/12, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcoimnand\normalslze{'/, 

3 \@setf ontsize\normalsize\@ixpt{ll}'/, 

4 \abovedisplayskip 8.5\p(S \aplus3\pS \Sminus4\pS 

5 \abovedisplayshortskip \za \aplus2\p(3 

6 \belowdisplayshortskip 4\p(S \aplus2\p® \@minus2\pS 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\QlistI} 

9 Xnormalsize 

10 \newconmiand\small{'/, 

11 \asetf ontsize\small\(avliipt{9 . 5}'/, 

12 \abovedisplayskip 6\p(S \(Splus2\p@ \aininus4\pQ 

13 \abovedisplaysliortskip \z® \®plus\pa 

14 \belowdisplayshortskip 3\p8 \Splus\pa \Sminus2\p@ 
16 \def \Slisti{\leftmargin\leftmargini 

16 \topsep 3\pa \Qplus\pa \aminus\pa 

17 \parsep 2\pa \Splus\pa \aminus\pa 

18 \itemsep Xparsep}"/. 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconmiand\f ootnotesize{'/, 

22 \@setf ontsize\f ootnotesize\aviipt{8}7, 

23 \abovedisplayskip 4\p@ \@plus2\p@ \aininus2\pa 

24 \abovedisplayshortsklp \za \aplus\pa 

25 \belowdisplayshortskip 2\pa \aplus\pa \aminusl\p® 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pS \aplus\pS \Sminus\pS 

28 \parsep INpS \aplus\pS \aminus\pS 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcoimiiaiid\scriptsize{\asetf ontsize\scriptsize\avipt\®viipt} 

33 \newcoiimaiid\little{\asetf ontsize\little\avpt\avipt} 

34 \newconmiaiid\tiny{\asetf ontsize\tiny\avpt\avipt} 

36 \newconmand\large{\Qsetf ontsize\large\axpt\8xiipt} 

36 \newcoiimaiid\Large{\Ssetf ontsize\Large\exiipt{14}} 

37 \newcoiimaiid\LARGE{\asetf ontsize\LARGE\®xivpt{18}} 

38 \newconmand\huge{\asetf ontsize\huge\axviipt{22}} 

39 \newconmand\Huge{\asetf ontsize\Huge\axxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-liii} 

41 \setlength\vof f set{-lin} 

42 \setlength\par indent {14\pa} 

43 \setlength\headlieight{12\pS} 
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44 \setlength\headsep •{12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\pa} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\pa} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt]- 

53 \setlength\f boxsep{3pt} 
64 \setlength\fboxrule{.4pt} 

1.3. Textheight and TEXTWIDTH 

These axe the main reason for the existence of these files. For some stupid reason, I^TJ^X calculates 
textwidth out of \paperwidth.. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth arc set iu the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}7, 

58 \addtolength\atempdima{-\textwidth}y, 

59 \divide\atempdlma by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\atempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}y, 

63 \ifdlm \atempdima <\atempdimb 

64 \esettopoint\atempdimb 

66 \GenericError{Polntsize}{Pointsize Error: Marginpars disabled]-{]-{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide. \MessageBreak 

68 The allowed value for margin space: (\the\Stempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }•/. 

74 \marginparwidth \zS 

75 \marginparsep \za 
7B \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\Stempdimb) . Please press X and try again. 
86 }•/. 

86 \f i 

87 \oddsidemargin \atempdima 

88 \evensidemargin \9tempdima 
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These calculations arc a lot easier, \textheight should have been set already. This does not 
check for the correct placcrrieut of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\@tenipdinia{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima)- 

94 \addtolength\atempdima{-\textheight}- 

95 \dlvlde\@tempdlma by 2 

96 \ifdlm \@tempdlma <2pc 

97 \advaiice\8tempdimb by -4pc 

98 \Ssettopoint\Stempdimb 

99 \GenericError{Polntslze}{Pointsize Error: Invalid sizes glven}{}{You 

100 made your \string\textheight\space (\the\texthelght) 

101 more than the available total . \MessageBreak 

102 (Which Is: \the\Stempdlmb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{\Stempdima} 

106 \setlength\ldSboxhelght{\Stempdlma} 

107 \advance\ldSboxhelght by -2pc 

108 } 

109 \setlength\footnotesep{6\pS} 

110 \setlength{\skip\footlns}{9\pS \®plus 4\pa XSmlnus 2\pa} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\pQ \9plus l\pQ \9mlnus l\pS} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\leftmarginil}{2em} 

114 \setlength{\lef tmargini 1 1}{ 1 . 7em} 

115 \setlength{\lef tmarginiv}-[l .4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 
lis \setlength{\labelsep}{.4eiii} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwldth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{7. 

122 \leftmargin \lef tmargini 

123 \topsep 8\pS \Splus2\pa \Sminus2\pa 

124 \partopsep 2\pS XSplus l\pa \aminus l\pa 

125 \itemsep 4\pa \aplus 2\pS \aminus l\pa 

126 \parsep 4\p@ \Splus 2\pe \Sminus l\pa } 

127 \def \aiistii{*/. 

128 \leftmargin \lef tmargini! 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \aplus 2\pa XSmlnus l\p9 

132 \parsep 2\pa \@plus INpS \@minus l\p9 

133 \ltemsep \parsep} 
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134 Ndef \Slistiii-['/. 

136 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \aplus l\p9 \9minus INpS 

139 \parsep XzO 

140 Npartopsep l\pS XOplus 0\pS \Sminus l\p@ 

141 \itemsep \topsep} 

142 \def \@listiv{*/. 

143 \setlength{\lef tmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\leftmargin}{\leftmarginv}°/, 

148 \setlength{\labelwidth}{\leftmarginv}°/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \Slistvi{% 

151 \setlength{\leftmargin}{\leftmarginvi}'/. 

152 \setlength{\labelwidth}{\lef tmarginvi}'/, 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 

155 \Slisti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{10\pa \(Splus 2\pa XOminus 2\pa} 

157 \setlength\textf loatsep{18\pa \aplus 2\pa \aminus 4\pa} 

158 \setlength\intextsep{10\pa \aplus 2\pa \aminus 2\pa} 

159 \setlength\dblf loatsep{10\pa \aplus 2\pa Xaminus 2\pa} 

160 \setlength\dbltextf loatsep{18\pa \®plus 2\pa \®minus 4\pe} 

Separation on float pages 

161 \setlength\afptop{0\pa \aplus if il} 

162 \setlength\afpsep{8\pa \aplus 2f il} 

163 \setlength\afpbot{0\pa \aplus If il} 

164 \setlength\adblfptop{0\pa \aplus If il} 

165 \setlength\adblfpsep{8\pa \@plus 2f il} 

166 \setlength\adblfpbot{0\p8 \8plus If il} 
167 

168 \endinput 
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1. Implementation 
1 \ProvidesFile{klut9.clo}[\f iledate ] 
1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcoimnand\normalslze{'/, 

3 \@setf ontsize\normalsize\@ixpt{10 . 5}'/. 

4 \abovedisplayskip 8.5\p(S \aplus3\pS \Sminus4\pS 

5 \abovedisplayshortskip \za \aplus2\p(3 

6 \belowdisplayshortskip 4\p(S \aplus2\p® \Sminus2\pS 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\QlistI} 

9 Xnormalsize 

10 \newconmiand\small{'/, 

11 \asetf ontsize\small\(avliipt{9}'/, 

12 \abovedisplayskip 6\p(S \(Splus2\p@ \aininus4\pQ 

13 \abovedisplaysliortskip \z® \®plus\pa 

14 \belowdisplayshortskip 3\p8 \Splus\pa \Sminus2\p@ 
16 \def \Slisti{\leftmargin\leftmargini 

16 \topsep 3\pa \Qplus\pa \aminus\pa 

17 \parsep 2\pa \Splus\pa \aminus\pa 

18 \itemsep Xparsep}"/. 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconmiand\f ootnotesize{'/, 

22 \@setf ontsize\f ootnotesize\aviipt{8}7, 

23 \abovedisplayskip 4\p@ \@plus2\p@ \aininus2\pa 

24 \abovedisplayshortsklp \za \aplus\pa 

25 \belowdisplayshortskip 2\pa \aplus\pa \aminusl\p® 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pS \aplus\pS \Sminus\pS 

28 \parsep INpS \aplus\pS \aminus\pS 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcoimiiaiid\scriptsize{\asetf ontsize\scriptsize\avipt\®viipt} 

33 \newcoiimaiid\little{\asetf ontsize\little\avpt\avipt} 

34 \newconmiaiid\tiny{\asetf ontsize\tiny\avpt\avipt} 
36 \newconmand\large{\Qsetf ontsize\large\8xpt{ll .5}} 

36 \newcoiimaiid\Large{\Ssetf ontsize\Large\exiipt{14}} 

37 \newcoiimaiid\LARGE{\asetf ontsize\LARGE\®xivpt{18}} 

38 \newconmand\huge{\asetf ontsize\huge\axviipt{22}} 

39 \newconmand\Huge{\asetf ontsize\Huge\axxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-liii} 

41 \setlength\vof f set{-lin} 

42 \setlength\par indent {14\pa} 

43 \setlength\headlieight{12\pS} 
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44 \setlength\headsep •{12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\pa} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\pa} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt]- 

53 \setlength\f boxsep{3pt} 
64 \setlength\fboxrule{.4pt} 

1.3. Textheight and TEXTWIDTH 

These axe the main reason for the existence of these files. For some stupid reason, I^TJ^X calculates 
textwidth out of \paperwidth.. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth arc set iu the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}7, 

58 \addtolength\atempdima{-\textwidth}y, 

59 \divide\atempdlma by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\atempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}y, 

63 \ifdlm \atempdima <\atempdimb 

64 \esettopoint\atempdimb 

66 \GenericError{Polntsize}{Pointsize Error: Marginpars disabled]-{]-{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide. \MessageBreak 

68 The allowed value for margin space: (\the\Stempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }•/. 

74 \marginparwidth \zS 

75 \marginparsep \za 
7B \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\Stempdimb) . Please press X and try again. 
86 }•/. 

86 \f i 

87 \oddsidemargin \atempdima 

88 \evensidemargin \9tempdima 
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These calculations arc a lot easier, \textheight should have been set already. This does not 
check for the correct placcrrieut of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\@tenipdinia{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima)- 

94 \addtolength\atempdima{-\textheight}- 

95 \dlvlde\@tempdlma by 2 

96 \ifdlm \@tempdlma <2pc 

97 \advaiice\8tempdimb by -4pc 

98 \Ssettopoint\Stempdimb 

99 \GenericError{Polntslze}{Pointsize Error: Invalid sizes glven}{}{You 

100 made your \string\textheight\space (\the\texthelght) 

101 more than the available total . \MessageBreak 

102 (Which Is: \the\Stempdlmb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{\Stempdima} 

106 \setlength\ldSboxhelght{\Stempdlma} 

107 \advance\ldSboxhelght by -2pc 

108 } 

109 \setlength\footnotesep{6\pS} 

110 \setlength{\skip\footlns}{9\pS \®plus 4\pa XSmlnus 2\pa} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\pQ \9plus l\pQ \9mlnus l\pS} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\leftmarginil}{2em} 

114 \setlength{\lef tmargini 1 1}{ 1 . 7em} 

115 \setlength{\lef tmarginiv}-[l .4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 
lis \setlength{\labelsep}{.4eiii} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwldth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{7. 

122 \leftmargin \lef tmargini 

123 \topsep 8\pS \Splus2\pa \Sminus2\pa 

124 \partopsep 2\pS XSplus l\pa \aminus l\pa 

125 \itemsep 4\pa \aplus 2\pS \aminus l\pa 

126 \parsep 4\p@ \Splus 2\pe \Sminus l\pa } 

127 \def \aiistii{*/. 

128 \leftmargin \lef tmargini! 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \aplus 2\pa XSmlnus l\p9 

132 \parsep 2\pa \@plus INpS \@minus l\p9 

133 \ltemsep \parsep} 
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134 Ndef \Slistiii-['/. 

136 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \aplus l\p9 \9minus INpS 

139 \parsep XzO 

140 Npartopsep l\pS XOplus 0\pS \Sminus l\p@ 

141 \itemsep \topsep} 

142 \def \@listiv{*/. 

143 \setlength{\lef tmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\leftmargin}{\leftmarginv}°/, 

148 \setlength{\labelwidth}{\leftmarginv}°/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \Slistvi{% 

151 \setlength{\leftmargin}{\leftmarginvi}'/. 

152 \setlength{\labelwidth}{\lef tmarginvi}'/, 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 

155 \Slisti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{10\pa \(Splus 2\pa XOminus 2\pa} 

157 \setlength\textf loatsep{18\pa \aplus 2\pa \aminus 4\pa} 

158 \setlength\intextsep{10\pa \aplus 2\pa \aminus 2\pa} 

159 \setlength\dblf loatsep{10\pa \aplus 2\pa Xaminus 2\pa} 

160 \setlength\dbltextf loatsep{18\pa \®plus 2\pa \®minus 4\pe} 

Separation on float pages 

161 \setlength\afptop{0\pa \aplus if il} 

162 \setlength\afpsep{8\pa \aplus 2f il} 

163 \setlength\afpbot{0\pa \aplus If il} 

164 \setlength\adblfptop{0\pa \aplus If il} 

165 \setlength\adblfpsep{8\pa \@plus 2f il} 

166 \setlength\adblfpbot{0\p8 \8plus If il} 
167 

168 \endinput 
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1 . Implementation 

1 \ProvidesFile{klul0.clo>[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9.5, 9/11, 10/12, 12/14, 14/18, 17/22, 20/25, 25/30. 

2 \renewcoimnand\normalsize{/C 



3 \@setf ontsize\normalsize\@xpt\@xiipt 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p® 

5 \abovedisplayshortskip \z(2 \(2plus 3\p@ 

6 \belowdisplayshortskip 6\p<a XOplus 3\p<a XOminusSXpO 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \iiewcommaiid\small{'/. 

11 \@setfontsize\small\@ixpt{ll}7. 

12 \abovedisplayskip 8.5\p(3 \@plus3\p@ \@ininus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p(§ 

14 Xbelowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\lef tmairginMef tmargini 

16 \topsep 4\p@ \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \(Sminus\p@ 

18 \itemsep Vpaxsep]-"/, 

19 \belowdi splay skip \abovedi splay skip 

20 } 

21 \newcommand\f ootnotesize{% 

22 \@setf ontsizeXf ootnotesize\(§viiipt{9 . 5}-°/, 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \za \®plus\p@ 

25 Xbelowdisplayshortskip 3\p@ \@plus\p@ \®minus2\p@ 

26 \def\(21isti{\leftmargin\lef tmargini 

27 \topsep 3\p(S \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p(§ \@minus\p@ 

29 \itemsep Xparsep}'/. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcoiimiand\scriptsize{\(§setf ontsize\scriptsize\(3viipt\@viiipt} 

33 \rLewcommaiid\little{\@setf ontsize\little\@vipt\@viipt} 

34 \newcommaiid\tiny{\@setf ontsize\tiny\@vpt\@vipt} 

35 \newconffliaiid\large-[\(§setf oiitsize\large\(§xiipt-[14]-} 

36 \newcomnicmd\Large{\@setf ontsize\Large\(§xivpt-[18}-} 

37 \iiewcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22>} 

38 \rLewcominaiid\huge{\@setf ontsize\huge\@xxpt{25}} 

39 \newcoimnaiLd\Huge{\®setf ontsize\Huge\®xxvpt{30>} 
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1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{-lin}- 

42 \setlength\parindent {14\p@} 

43 \setlength\heacllieight{12\p@} 

44 \setlength\headsep {12\p@}- 

45 \setlength\topskip {10\p(§> 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \ s e 1 1 engthXinar ginparpush{ 5 \p(§ > 

49 \setlength\maxdepth {.5\topskip> 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\coliiinnseprule{Opt} 

53 \setlength\f boxsep{3pt> 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDociiment{y. 

57 \setlength\@tempdima{\paperwidth}7o 

58 XaddtolengthXOtempdimai-XtextwidtW/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\(§tempdimb{2pc]-y, 

63 Xifdim XOtempdima <\@teinpdiinb 

64 \@settopoint\@tempdimb 

65 \GenericError-[Poiiitsize}{Pointsize Error: Marginpars disabled}{}-[You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\Otempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreai 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 
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73 >•/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \(9tempdimb=\paperwidth 

79 \advaiice\(§tempdimb by -4pc 

80 \@settopoint\(§tempdimb 

81 \GerLericError{Poiiitsize}-{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\(§tempdimb) . Please press X and try again. 

85 }"/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 Xevensidemeirgin XOtempdima 

These calculations are a lot easier, \textheight should have been set already. This does 
not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\(atempdima{-\f ootskip> 

91 \addtolength\(Stempdima{-\headheight> 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\(§tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\(§tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError-[Pointsize}{Pointsize Error: Invalid sizes given}"[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }% 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id(§boxheight-[\(§tempdima} 

107 \advaiice\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@> 

110 \setlength{\skip\f ootins}-[9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus IXpQ \(Sminus IXpO} 

112 \setlength{\lef tmairgini}-[2em} 

113 \setlength{\lef tmarginii}-[2 . 2em} 
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114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength-[\lef tmarginiv]-{l . 7em]- 

116 \setlength-[\lef tmarginv}-[lem}- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}-[.4em} 

119 \setlength-[\labelwidth}-{\lef tmargini}- 

120 \addtolength-[\labelwidth}-{-\labelsep}- 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\®listl{y. 

122 \lef tmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ XQminus 5\p<S 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p(§ \@plus 2\p@ \@minus l\p® } 

127 \def \(Slistii{"/. 

128 Meftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p(§ \@plus 2\p(3 \(§minus l\p® 

132 \pcirsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/. 

135 Meftmargin \lef tmarginiii 

136 Mabelwidth \leftmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \(§plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \(§plus 0\p<§ \<§minus l\p@ 

141 \itemsep \topsep} 

142 \def\01istivn 

143 \setlength-[\lef tmargin}-{\lef tmarginiv}-°/, 

144 \setlength-[\labelwidth}-{\lef tmarginiv]-y, 

145 \addtolength-[\labelwidth}{-\labelsep}} 

146 \def \@listv[y. 

147 \setlength-[\lef tmargin}-{\lef tmarginvjy. 

148 \setlength-[\labelwidth}{\lef tmarginvjy, 

149 \addtolength-[\labelwidth}-[-\labelsep}} 

150 \def \(Slistvi{y. 

151 \setlength{\lef tmargin}-[\lef tmarginvi}% 

152 \setlength-[\labelwidth}-{\lef tmarginvijy. 

153 \addtolength-[\labelwidth}{-\labelsep}} 

154 \let\(Slisti\@listI 

155 \@listi 

1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\f loatsep{12\p(§ \(§plus 2\p(§ \(§minus 2\p(§} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p(5> 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \@minus 2\p@} 

159 \setlength\dblfloatsep{12\p@ \@plus 2\p(S \(Sminus 2\p(S} 

160 \setlength\dbltextf loatsep-[20\pa XOplus 2\p® XOminus 4\p@} 

Separation on float pages 

161 \setlength\9fptop{0\p(a \@plus If il> 

162 \setlength\(§fpsep{8\p(§ \(§plus 2f il> 

163 \setlength\@fpbot-[0\p(§ \(§plus If il} 

164 \setlength\@dblfptop{0\p(§ \@plus If il> 

165 \setlength\@dblfpsep{8\p@ \<Splus 2f il> 

166 \setlengtli\<adblfpbot{0\p® \@plus If il} 

167 

168 \endinput 
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1 . Implementation 

1 \ProvidesFile{klutl0.clo}[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiiiy. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 12/14, 14/18, 17/22, 20/25, 25/30. 

2 \renewcoimnand\normalsize{/C 



3 \@setf ontsize\normalsize\@xpt{ll . 5]-7. 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p® 

5 \abovedisplayshortskip \z(2 \(2plus 3\p@ 

6 \belowdisplayshortskip 6\p<a XOplus 3\p<a XOminusSXpO 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \iiewcommaiid\small{'/. 

11 \@setf ontsize\small\@ixpt-[10 . 5}'/. 

12 \abovedisplayskip 8.5\p(3 \@plus3\p@ \@ininus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p(§ 

14 Xbelowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\lef tmairginMef tmargini 

16 \topsep 4\p(S \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p(§ \@plus\p@ \(Sminus\p@ 

18 \itemsep Xpaxsep]-"/, 

19 \belowdi splay skip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{% 

22 \@setf ontsizeXf ootnotesize\(§viiipt{9}-°/, 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \za \®plus\p@ 

25 Xbelowdisplayshortskip 3\p@ \@plus\p@ \®minus2\p@ 

26 \def\(21isti{\leftmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p(§ \@minus\p@ 

29 \itemsep Xparsep}'/. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcoiimiand\scriptsize{\(§setf ontsize\scriptsize\(3viipt\@viiipt} 

33 \rLewcommaiid\little{\@setf ontsize\little\<§vipt\@viipt} 

34 \newcommaiid\tiny{\@setf ontsize\tiny\@vpt\@vipt} 

35 \newconffliaiid\large-[\(§setf oiitsize\large\(§xiipt-[14]-} 

36 \newcomnicmd\Large{\@setf ontsize\Large\(§xivpt-[18}-} 

37 \iiewcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22>} 

38 \rLewcominaiid\huge{\@setf ontsize\huge\@xxpt{25}} 

39 \newcoimnaiLd\Huge{\®setf ontsize\Huge\®xxvpt{30>} 
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1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{-lin}- 

42 \setlength\parindent {14\p@} 

43 \setlength\heacllieight{12\p@} 

44 \setlength\headsep {12\p@}- 

45 \setlength\topskip {10\p(§> 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \ s e 1 1 engthXinar ginparpush{ 5 \p(§ > 

49 \setlength\maxdepth {.5\topskip> 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\coliiinnseprule{Opt} 

53 \setlength\f boxsep{3pt> 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDociiment{y. 

57 \setlength\@tempdima{\paperwidth}7o 

58 XaddtolengthXOtempdimai-XtextwidtW/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\(§tempdimb{2pc]-y, 

63 Xifdim XOtempdima <\@teinpdiinb 

64 \@settopoint\@tempdimb 

65 \GenericError-[Poiiitsize}{Pointsize Error: Marginpars disabled}{}-[You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\Otempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreai 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 
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73 >•/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \(9tempdimb=\paperwidth 

79 \advaiice\(§tempdimb by -4pc 

80 \@settopoint\(§tempdimb 

81 \GerLericError{Poiiitsize}-{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\(§tempdimb) . Please press X and try again. 

85 }"/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 Xevensidemeirgin XOtempdima 

These calculations are a lot easier, \textheight should have been set already. This does 
not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\(atempdima{-\f ootskip> 

91 \addtolength\(Stempdima{-\headheight> 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\(§tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\(§tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError-[Pointsize}{Pointsize Error: Invalid sizes given}"[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }% 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id(§boxheight-[\(§tempdima} 

107 \advaiice\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@> 

110 \setlength{\skip\f ootins}-[9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus IXpQ \(Sminus IXpO} 

112 \setlength{\lef tmairgini}-[2em} 

113 \setlength{\lef tmarginii}-[2 . 2em} 
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114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength-[\lef tmarginiv]-{l . 7em]- 

116 \setlength-[\lef tmarginv}-[lem}- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}-[.4em} 

119 \setlength-[\labelwidth}-{\lef tmargini}- 

120 \addtolength-[\labelwidth}-{-\labelsep}- 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\®listl{y. 

122 \lef tmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ XQminus 5\p<S 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p(§ \@plus 2\p@ \@minus l\p® } 

127 \def \(Slistii{"/. 

128 Meftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p(§ \@plus 2\p(3 \(§minus l\p® 

132 \pcirsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/. 

135 Meftmargin \lef tmarginiii 

136 Mabelwidth \leftmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \(§plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \(§plus 0\p<§ \<§minus l\p@ 

141 \itemsep \topsep} 

142 \def\01istivn 

143 \setlength-[\lef tmargin}-{\lef tmarginiv}-°/, 

144 \setlength-[\labelwidth}-{\lef tmarginiv]-y, 

145 \addtolength-[\labelwidth}{-\labelsep}} 

146 \def \@listv[y. 

147 \setlength-[\lef tmargin}-{\lef tmarginvjy. 

148 \setlength-[\labelwidth}{\lef tmarginvjy, 

149 \addtolength-[\labelwidth}-[-\labelsep}} 

150 \def \(Slistvi{y. 

151 \setlength{\lef tmargin}-[\lef tmarginvi}% 

152 \setlength-[\labelwidth}-{\lef tmarginvijy. 

153 \addtolength-[\labelwidth}{-\labelsep}} 

154 \let\(Slisti\@listI 

155 \@listi 



1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\f loatsep^l2\p@ \Oplus 2\p(9 \(9minus 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep-[12\p@ \@plus 2\p(§ XOminus 2\p(§}- 

159 \setlength\dblf loatsep{12\p(S \@plus 2\p(S \(Sminus 2\p(S} 

160 \setlength\dbltextf loatsep{20\pa XOplus 2\p@ \iSminus 4\p@> 

Separation on float pages 

161 \setlength\@fptop-[0\p@ \@plus If il> 

162 \setlength\@fpsep{8\p@ \(§plus 2f il> 

163 \setlength\@fpbot{0\p(§ \(§plus If il} 

164 \setlength\@dblfptop-[0\p@ \®plus If il}- 

165 \setlength\(Sdblfpsep{8\p<§ \(Splus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutll.clo}[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 
provided values: 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/12.5, 12/14, 14/18, 17/22, 
20/25, 25/30. 

2 \renewcoinmcind\normalsize-[°/o 



3 \(3setf ontsize\normalsize\(3xipt{12 . S}"/, 

4 \abovedisplayskip 10\pQ XOplus 2\pQ \Qininus5\pQ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplaysh.ortskip 6\p@ \@plus 3\p@ \@ininus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \newcommeiiid\small-C7o 

11 \@setf ontsize\small\@xpt{ll . 5}% 

12 \abovedisplayskip 9\p@ \@plus3\p@ \(§minus4\p@ 

13 \abovedisplayshortskip \zQ \Qplus2\pQ 

14 \belowdisplayshortskip 5\p@ \(§plus2\p@ \@ininus2\p@ 

15 \def \@listi{\lef tmargin\lef tmargini 

16 \topsep 4\p(S \@plus2\p(S \(Sminus2\p(a 

17 \parsep 2\p@ \@plus\p@ \@minus\p(§ 

18 \itemsep Xparsep}"/ 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{°/o 

22 \(Ssetf ontsizeXf ootnotesize\Qixpt{10 . 5}°/, 

23 \abovedi splay skip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\pQ \Qplus\pQ \(SinirLus2\p(a 

26 \def \@listi{\leftinargin\leftmargini 

27 \topsep 3\p(§ \@plus\p@ \@minus\p@ 

28 \parsep 2\pQ \(3plus\pS \(3minus\p@ 

29 \itemsep \parsep}7. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viiipt{9 . 5}} 

33 \newcommand\little{\@setf ontsize\little\@viipt\(§viiipt3■ 
34 \newcommELnd\tiny{\@setf ontsize\tiiiy\(Svipt\(Sviipt}- 

35 \newcoinmaiid\large-[\@setf ontsize\large\@xiipt{14}} 

36 \newcommand\Large{\@setf ontsize\Large\(§xivpt{18}]■ 
37 \newcommand\LARGE{\asetf ontsize\LARGE\(axviipt{22}} 
38 \iiewcoinmaiid\huge{\@setf ontsize\huge\@xxpt{25» 
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39 \newcoinmaiid\Huge{\@setf ontsize\Huge\@xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the 
calculations below easier. 

40 \setleiigth\hof f set{-liii> 

41 \setlength\vof f set{-lin]- 

42 \setlength\parindent {14\p(a} 

43 \setleiigth\headheight{12\pQ} 

44 \setlength\headsep {12\p(a} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p(a} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p(§} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\Qiiiaxdepth\maxdepth 

51 \setlength\coluinnsep{10pt} 

52 \setleiigth\columnseprule{Opt} 

53 \setleiigth\f boxsep{3pt} 

54 \setlength\fboxrule-C.4pt} 

1.3. Textheight and TEXTWIDTH 

These are the main reason for the existence of these files. For some stupid reason, 
I^T[^ calculates textwidth out of \paperwidth. We did want to support letter 
paper, but our \textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserpr inters. 

Calculations arc done 'AtBeginDocument' to allow changes made in the preamble 

and later on in the stylefile. 

55 \newdimen\idQboxheight 

56 \AtBeginDocument{% 

57 \setlength\@tempdima{\paperwidth}7o 

58 \ addt o 1 ength\(3t empdima{ - \t extwi dth)-"/, 

59 \divide\@teinpdiina by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\Qtempdimb\marginparsep 

62 \addtolength\@teinpdiinb{2pc}°/. 

63 Xifdim \(§tempdima <\@tempdimb 

64 XOsettopointXQtempdimb 

65 \GenericError-[Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 
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66 your \string\textwidth\space (\the\textwidth) and 

67 \string\inarginparwidth (\the\inarginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\Otempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 YL 

74 \marginparwidth \z@ 

75 \marginparsep \z(§ 

76 \fi 

77 \ifdiin \@tempdima <2pc 

78 \®tempdimb=\paperwidth 

79 \adveince\Qtempdimb by -4pc 

80 \®settopoint\®tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total NMessageBreeik 

84 (Which is: \the\®tempdimb) . Please press X and try again. 

85 }7. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. 
This does not check for the correct placement of the identification line!! 

89 \ s et length\@t empdima{ \paperhe ight } 

90 \addtolength\@tempdima{-\f ootskip} 

91 \addtolength\(atempdima{-\headheight)- 

92 \addtolength\<§tempdima{-\headsep} 

93 \setlength\@tempdimb{\@tempdima]- 

94 \ addt o 1 ength\ Ot empdima{ - \t ext he ight )■ 

95 \divide\®tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\Qtempdimb by -4pc 

98 \@settopoint\Otempdimb 



99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}-[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }•/. 



104 \fi 

105 \setlength\topmargin{\9tempdima}- 

106 \setlength\id(aboxheight{\(Stempdima}- 

107 \advance\id@boxheight by -2pc 

108 } 
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109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength-C\skip\f ootins}{9\p9 \Qplus 4\p(a XOminus 2\p(a} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ NQminus l\p@} 

112 \setlength-[\lef tniargini}-{2em3- 

113 \setlength{\lef tmarginii}-[2 . 2em} 

114 \setlength{\lef tmarginiii}{l . 87em} 

115 \setlength-[\lef tinarginiv}{l . 7ein} 

116 \setlength{\lef tmarginv}{lein} 
117 \setlength{\lef tmarginvi}{lem} 

118 \setlength-[\labelsep>{.4ein} 

119 \setlength{\labelwidth>{\leftmargini} 

120 \addtoleiigth{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. 
This results in very small labels for the inner lists. 

121 \def \(aiistl{% 

122 Xleftmargin \lef tmargini 

123 \topsep 9\p@ \@plus 3\p@ \@minus 5\p@ 

124 \partopsep 3\p(S \@plus iXpQ XQminus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p(§ XOminus l\p@ 

126 \parsep 4.5\p@ \(§plus 2\p(§ XQminus l\p(§ > 

127 \def \(aiistii{% 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \adveince\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \(Splus 2\p@ \@minus l\p(§ 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \(§listiii{% 

135 Meftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p(a \@plus l\p@ \(§minus l\p@ 

139 \parsep Xz® 

140 \partopsep l\p@ \(§plus 0\p® \@minus l\p(§ 

141 \itemsep \topsep)- 

142 \def \(aiistiv-[% 

143 \setlength{\leftmargin}{\lef tmargini v>°/. 

144 \setlength{\labelwidth}{\lef tmarginiv}"/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \@listv{°/. 
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147 \setlength{\lef tmargin}{\lef tmarginv}"/ 

148 \setlength{\labelwidth}{\leftinarginv>°/. 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \@listvi{7. 

151 \setlength{\lef tmargiii}{\lef tinarginvi}°/o 

152 \setlength{\labelwidth}{\leftmarginvi}°/. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\(aiisti\(aiistl 
155 \®listi 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p® \@iniiius 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\pa} 

158 \setlength\intextsep{12\pQ \(§plus 2\p@ XOminus 2\p(§} 

159 \setlength\dblf loatsep{12\p(S \Qplus 2\p(a NQminus 2\p@} 

160 \setleiigth\dbltextf loatsep{20\p@ \@plus 2\p(§ \@minus 4\p(§} 

Separation on float pages 

161 \setlengtli\@fptop{0\p@ \(Splus If il> 

162 \setlength\@fpsep{8\p@ \(§plus 2f il} 

163 \setlength\@f pbot{0\p@ \@plus If il} 

164 \setlengtli\@dblf ptop{0\p@ \@plus Ifil} 

165 \setlengtli\@dblfpsep{8\p@ \@plus 2f il} 

166 \setlength\(adblfpbot{0\pa \@plus Ifil} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutl2.clo>[\filedate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 

provided values: 6/7, 8/9, 9/10.5, 10/11.5, 11/12.5 12/13.5, 14/18, 17/22, 20/25, 
25/30. 



2 \renewcoimnand\normalsize{°/o 

3 \@setf ontsize\normalsize\@xiipt{13 . 5}% 

4 \abovedisplayskip ll\p@ \@plus 2\p@ \@miiius5\p@ 

5 \abovedisplayshortskip l\p@ \(3plus 3\p@ 

6 \belowdisplayshortskip 7\p@ \(§plus 3\p@ \@minus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\(§listi\(§listl> 
9 \normalsize 

10 \iiewconunand\small{y„ 

11 \@setf ontsize\small\@xipt{12 . 5}% 

12 \abovedisplayskip 8.5\p@ \@plus3\p@ \@ininus4\p@ 

13 \abovedi splay short skip \z@ \@plus2\p@ 

14 \belowdisplayshortskip 4\p@ \@plus2\p@ \(§minus2\p(§ 

15 \def \@listi{\lef tmarginMef tmargini 

16 \topsep 4\p@ \@plus2\p@ \(§minus2\p(§ 

17 \parsep 2\p@ \@plus\p@ \@minus\p@ 

18 \itemsep \parsep}7o 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconunand\f ootnotesize{°/o 

22 \@setf ontsizeXf ootnotesize\@xpt{ll . 5}% 

23 \abovedisplayskip 6\p@ \(§plus2\p(§ \@miiius4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \(§minus2\p(§ 

26 \def \@listi{\lef tmarginXlef tmargini 

27 \topsep 3\p@ \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep Xparsep}"/, 

30 \belowdisplayskip \abovedisplayskip 
31} 

32 \newconunand\scriptsize{\@setf ontsize\scriptsize\@ixpt{10 . 5}}- 

33 \newcommand\little{\@setf oiitsize\little\@viiipt{9}} 

34 \newcominaiid\tiny{\@setf ontsize\tiny\@vipt\@viipt} 
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35 \newconimand\large{\@setf ontsize\large\@xivpt{18}} 

36 \newcommand\Large{\@setf oiitsize\Large\@xviipt{22}} 

37 \newcoimnand\LARGE{\@setfontsize\LARGE\@xxpt{25}} 

38 \newconmiaiid\huge{\@setf ontsize\huge\@xxvpt{30}} 

39 \newcominand\Huge{\@setf ontsize\Huge\(§xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the calcula- 
tions below easier. 

40 \setlength\hoff set{-lin} 

41 \setlength\vof f set-[-lin} 

42 \setlength\parindent {14\p@} 

43 \setlength\headheight-Cl2\p@> 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep-[10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\@iiiaxdepth\maxdepth 

51 \setlength\columnsep{12pt} 

52 \setlength\coliimnseprule{Opt} 

53 \setlength\fboxsep{3pt]- 

54 \setlength\fboxrule{.4pt]- 

1.3. Textheight and TEXTWIDTH 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, 
but our \textwidth is fixed, with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble 
and later on in the stylefile. 

55 \newdimen\idOboxheight 

56 \AtBeginDocuinent{yo 

57 \setlength\(§tempdima{\paperwidth}yo 

58 \addtolength\(§tempdima{-\textwidth}°/o 
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59 \divide\@tenipdinia by 2 

60 \setleiigth\Otempdimb\marginparwidth 

61 \addtoleiigth\@tempdimb\marginparsep 

62 \addtolength\@teiiipdimb{2pc}7o 

63 \ifdim XOtempdima <\@tempdimb 

64 \@settopoint\@tempdiinb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \striiig\inargiiiparwidth (\the\marginparwidth) too wide . \MessageBreaJi 

68 The allowed value for margin space: (\the\(§tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }% 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advaiice\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }% 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. This 
does not check for the correct placement of the identification line!! 

89 \setlength\(§tempdima{\paperheight3- 

90 \addtolength\Otempdima{-\f ootskip} 

91 \addtolength\@tempdima{-\headheight} 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\@tempdimb{\@tempdima]- 

94 \addtolength\(§tempdima{-\textheight} 

95 \divide\(§tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\Otempdimb by -4pc 

98 \@settopoint\©tempdimb 
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99 \GenericError{Pointsize]-{Pointsize Error: Invalid sizes given}{}{You 

100 made your \striiig\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }7o 

104 \fi 

105 \ s et length\t opmargin{ \@t empdima} 

106 \setlength\id@boxheight{\@t empdima} 

107 \advance\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength{\skip\f ootins}{12\p@ \@plus 4\p@ \(§minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ \Ominus l\p@} 

112 \setlength{\lef tmargini}{2em]- 

113 \setlength{\lef tmarginii}{2 . 2em} 

114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength{\lef tmarginiv}{l . 7em} 

116 \setlength{\lef tmarginv}{lem]- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep>{.4em} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwidth>{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def \(§listl{% 

122 Meftmargin \leftmargini 

123 \topsep ll\p@ \(§plus 3\p@ \@minus 5\p@ 

124 \partopsep 4.5\p@ \@plus l\p@ \Ominus 2\p0 

125 \itemsep 6\p@ \Oplus 2\p(§ \@minus l\p@ 

126 \parsep 6\p@ \@plus 2\p(§ \@minus l\p@ } 

127 \def \©listii{% 

128 Meftmargin \lef tmarginii 

129 Mabelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 6\p@ \Oplus 2\p0 \@minus l\p@ 

132 \parsep 3\p@ \@plus l\p(§ \@minus l\p@ 
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133 \itemsep \parsep} 

134 \def \®listiii{y. 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p(§ \(§plus iXpO \(§niinus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p© \Ominus l\p© 

141 \itemsep \topsep} 

142 \def \@listiv{y. 

143 \setleiigth{\lef tmargin}{\lef tmarginiv}"/, 

144 \setlength{\labelwidth}{\lef tmarginiv}yo 

145 \addtolength{\labelwidth}{-\labelsep» 

146 \def \@listv{% 

147 \setlength{\lef tmargin}{\leftmarginv}yo 

148 \setlength-[\labelwidth}{\leftmarginv}°/o 

149 \addtolength{\labelwidth}{-\labelsep» 

150 \def \©listvi{°/. 

151 \setlength{\lef tniargin}{\leftmarginvi}°/o 

152 \setlength{\labelwidth>{\leftmarginvi>% 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\©listl 

155 \©listi 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p@ \@minus 2\p@> 

157 \setleiigth\textf loatsep{24\p@ \@plus 2\p© \@iiiinus 4\p(a} 

158 \setleiigth\intextsep{12\p@ \@plus 2\p@ \@minus 2\p(3> 

159 \setlength\dblf loatsep{12\p@ \(§plus 2\p@ XOminus 2\p@} 

160 \setlength\dbltextf loatsep{24\p(§ \@plus 2\p@ \(§minus 4\p(§} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \(§plus If il> 

162 \setlength\0fpsep{10\p@ \Oplus 2f il> 

163 \setleiigth\@fpbot{0\p@ \@plus If il} 

164 \setlength\@dblfptop{0\p@ \@plus If il} 

165 \setlength\@dblfpsep{10\p@ \@plus 2f il} 

166 \setlength\Odblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 



